Introduction
Multiple authorship is largely a twentieth-century phenomenon, yet it has become so common as to be taken almost for granted and induce no surprise. In many areas, especially those associated with big science, the growing complexity of many experimental projects leads almost naturally to extensive authorship lists. The rise of multiple authorship, however, is a more complex phenomenon extending in different forms across a wide disciplinary spectrum in the sciences as well as in the humanities.
In different periods authorship has been associated with a cluster of issues including, but not limited to, social habits and publishing conventions, legal constraints and censorship in various forms, and changing financial arrangements between publishers and authors. ' Since, until the recent past, single authorship was the norm in the great majority of cases, we are left to wonder ' Preliminary versions of this essay were delivered at the University of Notre Dame, Northwestern University, and Indiana University. I thank all those who offered comments and criticisms privately and following my presentations, especially Rebecca Bertoloni Meli, Ann Carmichael, Arthur Fine, Anita Guerrini, Nicole Howard, Nick Jardine, Peter Lindenbaum, Rosario Moscheo, and two anonymous referees who forced me to clarify my thoughts and restructure my essay.
2 M. Foucault, "What is an author," in M. Foucault, The Foucault reader, cd. P. Rabinow (New York, 1984) , 101-20. R. Chartier, Forms and meanings: texts, performances, and audiences from codex to computer (Philadelphia, 1995) , esp. 25-42; id., The order of books: readers, authors and libraries in Europe between the fourteenth find eighteenth centurie.s, transl. L. G. Cochrane (Stanford, 1994) , esp. ch. 2. C. Hesse, Publishing and cultural politics in revolutionary Paris, 1789 -1810 (Berkeley, 1991 . The construction of authorship, M. Woodmansee and P. Jaszi (eds.), (Durham, 1994) , contains many useful articles. A. Johns, "Science and the book in modern cultural historiography', Studies in History and Philosophy of Science 29 (1998), 167-194, on 188. D.F. McKenzie, Bibliography and tlae sociology of texts (Cambridge, 1999) . H.E. Lowood and R.E. Rider, "Literary technology and typographic culture: The instrument of print in Early Modern Europe," Perspectives on Science 2 (1994), 1-37. whether in previous centuries collaboration was radically less common, or it went unacknowledged, or it was acknowledged in forms unusual to us. This problem is amplified by the useful but potentially misleading tools we regularly employ, at times uncritically: library catalogues and bibliographies.
On the one hand, the success of a cataloguing system depends on standardization, and our researches would rapidly turn into a nightmare without it. On the other hand, standardization hides widely different historical practices and conventions. When we search a library catalogue or a bibliographic tool, we may be led to assume that the fields "author" or "publisher" carry approximately the same meaning for all the entries, when in fact they do not. The issue of agency springs to mind: Was "the author" of the publication in question also the subject who conceived the plan and the one responsible for its contents? What about patrons who may have commissioned the work? And what about the illustrations, just to mention one example which in areas such as natural history or anatomy may be at least as significant as the text? My favorite example is that of classical scholar Otto Brunfels, publisher Johann Schott, and artist Hans Weiditz. The text of Herbarum vivae Eicones (Strasbourg: Johann Schott, 1531-6), was due to Brunfels and the illustrations to Weiditz. The latter made the book unquestionably one of the most innovative and influential herbals of all times. Although Brunfels is referred to as the "author," it appears that Schott had the idea of producing a text with superior illustrations by hiring a talented artist, an idea Brunfels disliked. In Renaissance herbals, moreover, texts and illustrations were often based on classical sources and previous publications, bringing to mind terms like "borrowing" and "compilation." Of course, many more aspects of the book production and composition need to be historicized in connection with authorship, such as the role of dedicatory letters, acknowledgements, quotations and name references, indices, and footnotes.3 3 3 G. Saunders, Picturing plants (Berkeley, 1992) , 21. A. Grafton, The footnote: a curious history, rev. ed. (Cambridge, Mass., 1997) . A. Johns, The nature of the book: print and knowledge in the making (Chicago, 1998) ; id., "Natural history as print culture," in N. Jardine, J.A. Secord, E.C. Spary (eds.), Cultures of natural history (Cambridge, 1996) (Fig. 1 ) , where a footnote cryptically states that the first four co-authors, out of fiftytwo from fourteen different institutions, "contributed equally to this work." Interestingly, the first four are not mentioned alphabetically, and how much they contributed individually and together is left to the readers' imagination. By realizing the contingent and problematic nature of authorship in our culture, we can avoid projecting our views and conventions on to a time when different conventions and rules applied.
4 G.E.R. Lloyd, Methods find problems in Greek .science (Cambridge, 1991 ), 194 and 197. " These issues are raised in the important article by M. Biagioli, "The instability of authorship: Credit and responsibility in scientific authorship," 7°he FAZES Journal 12 (1998), 3-16, reprinted with a different title, "Aporias of scientific authorship : Credit and responsibility in contemporary biomedicine," The science studie.s reader, M. Biagioli (ed.) , (New York, 1999) , 12-30. Id. : "Rights of rewards? Changing contexts and definitions of scientific authorship," Journal of College and University Law 2'7 (2000), 83-108. See also P. Thagard, How scientists explain disease, (Princeton, 1999) , ch. 11. R.K. Merton, The sociology of science: Theoretical and empirical investigations (Chicago, 1973) , 546-53.
The functions of many open reading frames (ORFs) identified in genomesequencing projects are unknown. New, whole-genome approaches are required to systematically determine their function. A total of 6925 Saccharomyces cerevisiae strains were constructed, by a high-throughput strategy, each with a precise deletion of one of 2026 ORFs (more than one-third of the ORFs in the genome). Of the deleted ORFs, 17 percent were essential for viability in rich medium. The phenotypes of more than 500 deletion strains were assayed in parallel. Of the deletion strains, 40 percent showed quantitative growth defects in either rich or minimal medium. that serve as strain identifiers (6, 7). We show that these barcodes allow large numbers of deletion strains to be pooled and analyzed in parallel in competitive growth assays. This direct, simultaneous, competitive assay of fitness increases the sensitivity, accuracy and speed with which growth defects can be detected relative to conventional methods. ' To take full advantage of this approach and to accelerate the pace of progress, an international consortium was organized to generate deletion strains for all annotated yeast genes. Here, wc report the construction of precise start-to-stop codon deletion mutants for 2026 ORFs (8) .
Genes essential for viability in yeast, in particular those encoding proteins lacking human homologs, have been proposed to be the best targets for antifungal drugs. When spores from the 2026 heterozygous strains were germinated on YPD (yeast extract-peptone-dextrose) media at 30°C haploid deletants could not be recovered for 356 ORFs (see www-sequeoce.stanford.edu/grou yeasCdeletion...projectldclctions3.htm for an exact list) (9). Despite the considerable interest in these genes as potential drug targets, only 56% of these ORFs had previously been shown to be essential for viability (10). Of the 2026 ORFs analyzed, 1620 were not essential for viability in yeast. For these one additional homozygous and two haploid deletants (Table 1) were also constructed.
A computational Smith-Waterman analysis indicated that 8.5% of the identified nonessential ORFs in the yeast genome have a closely related homolog elsewhere in the geThe budding yeast S cerevisiae serves as an important experimental organism for revealing gene function. In addition to carrying out all the basic functions of eukaryotic cells, up to 30% of positionally-cloned genes implicated in human disease have yeast homologs (1). Determining the function of all yeast gene products will be an important step toward understanding their function in metazoans and lays the foundation for a more complete comprehension of cellular processes and pathways.
A powerful way to deterrntne gene function is the phenotypic analysis of mutants missing the gene. Several genome-wide approaches have been proposed including genetic footprinting and random mutagenesis (2, 3). While genetic footprinting has the advantage that all genes can be tested for their contribution to fitness under a particulw growth condition relatively quickly, it has the disadvantage that the mutant strains cannot be recovered. In addition, testing each additional condition is as time-consuming as the first. Random mutagenesis is relatively rapid, but the subsequent matching of phenotypes to genes is slower. In addition, with random approaches a certain fraction of genes may be missed, even with oversampling. These limitations can be overcome by deleting each gene in the genome in a directed fashion and by marking each yeast gene with a molecular "barcode" that allows the phenotypes of the mutant strains to be assayed in parallel.
The precise deletion of yeast genes can be e?ciently accomplished using a polymerase chain reaction (PCR)-mediated gene disruption strategy that exploits the high rate of homologous recombination in yeast (4). For this method, short regions of yeast sequence [ -50 (Princeton, 1977) . See the title page of the Venetian Cathalogus Librorum Haeretic,orum (Venice, 1554) in Grendler, The Roman Inquisition, 97. Later editions of the Index Librorum Prohibitorum were often prepared by a congregation of fathers and issued with papal approval, cum regulis conjèctis per Patres a Tridentina Synodo delectos, auctoritate Sanctiss. D.N. Pij IIII, Pont. Max. comprobatus, Cf. Grendler, The Roman Inquisition, 149, 150, and 259. For a comparison between the freedom of the press in the Dutch Republic and Southern Europe see M. Infelise, "La censure dans les pays mediterraneens, 1600-1750," and S. Grocnvcld, "The Dutch Republic, an island of liberty of the press in 17`"-century Europe? The authorities and the book trade," in H. Bots and F. Waquet (eds. ) , Commercium litterarium: Forms of communication in the Republic of Letters, 160Q 1750 , (Amsterdam, 1994 and 281-300. This essay focuses on a number of publications in mathematics, anatomy, and experimental philosophy produced in Italy in the 1660s at the time of the emergence of the first academy devoted to experimental philosophy, the Cimento Academy. In addition, the presence of an informal group of scholars pursuing anatomical researches alongside the Cimento provides a particularly fertile terrain for the study of teamwork and authorship both in formal and informal collaborations. (Bologna, 1566) . See U. Baldini, "Libri appartenuti a Giovanni Alfonso Borelli," in C. Dollo (ed.) , Filosojia e scienze nella Sicilia dei secoli XVI e XVII, vol. 1 (Catania, 1996), 191-232, at 197, n.16. was obliged to print three sheets a week, Borelli to correct the proofs and provide text and figures. Thus the historians' suspicion that Borelli was involved seems to be abundantly vindicated, i.e., he appears to have been in charge of preparing the text and figures for publication.
However, this editorial work probably enabled him to identify the figures in the Arabic manuscript.
We do not know why Borelli's name was omitted from the book, and why later in his life Borelli never claimed that edition as his own. This is not the only case where one encounters some deliberate concealment about aspects of his life and activities.lo
In the summer of 1658 the Medici princes allowed Borelli to go to Rome in order to work with Abraham Ecchellensis.
The Arabic text turned out to be a paraphrase rather than a translation, requiring extensive editorial work. 10 Other cases involve the circumstances of his birth and intellectual links with Tommaso Campanella, for which see the entries "Borelli, Giovanni Alfonso," by U. Baldini; and "Borelli, Filippo," by L. Firpo, in Dizionario Biografico degli Italiani. Moreover, Borelli is believed to have been heavily involved in the composition of Pier Maria Mutoli, Del movimento della cometa apparsa nel mese di dicembre 1664 (Pisa, 1665) and in the edition of S. Rao, Rime (Venice, 1672).
ill A. Fabroni, Historia Academiae Pisanae, vol. 3 (Pisa, 1795), 146-51. G. Giovannozzi, "La versione borelliana di Apollonio," Memorie della Pontificia Accademia Romana dei Nuovi Lincei," 2 (1916) 1-31; and id., Lettere inedite di Giovanni Alfonso Borelli al P. Angelo di S. Domenico sulla versione di Apollonio (Florence, 1916 Further, Borelli knew no Greek and when he was back at Pisa had to rely on help from friends in order to check printed editions and manuscripts.
In addition, the name of Archimedes is mentioned in the Liber assumptorum, and this seems to rule out his direct authorship." Posthumous editions pose additional authorship problems, especially in the case of ancient texts transmitted through successive stages and in different languages.
12 Peurbach completed the first six books, Regiomontanus finished the translation, which appeared twenty years after his death corrected for the press by the published _Johannes Hamman. A case of multiple authorship acknowledged on the title page is V. Wing and W. Leybourn, Urania Practica: or practical astronomie (London, 1649). Elizabethan drama is one of the areas where collaborative authorship occurred routinely and has been widely debated. J.A. Masten, Textual intercourse: collaboration, authorship, and sexualities in Renaissance drama (Cambridge, 1997) . John Dod and Robert Cleaver collaborated extensively in the field of biblical scholarship and appeared as co-authors in A plaine and familiar exposition of the eighteenth, nineteenth, and twentieth chapters of the proverbs of Salomon (London, 1610). They both signed the dedication. In a private letter Borelli had outlined an alternative explanation of pulmonary function based on a botanical analogy. He claimed having seen in Rome a vine and jasmine grafted into a lemon tree trunk. This showed that the respective shapes of their vessels led to diverse particle sequences, very different in sweetness from the juice of the lemon tree. The lung vessels were conceived to work analogously, 15 The correspondence between Borelli and Malpighi is in Adelmann (ed.), The correspondence, vol. 1. Additional materials are listed and published in D. Bertoloni Meli, "Additions to the Correspondence of Marcello Malpighi," in Bertoloni Meli, Marcello Malpighi, 279-312. See also id., "The new anatomy." Adelmann (ed.), The correspondence, 1: 54-6, at p. 55 (letter of 4 January 1661): "Ne perche le cose sono assai piccole si dovranno stimare difficili a disegnarsi, et intagliarsi, perche Vostra Signoria pu6 fare le cose in grande protestandosi, che per maggior' chiarezza e necessario alterar' le dimensioni di detti lobuli, o membrane, e loro siti: una cosa simile fece il Cartesio nella sua filosofia, e meteora, il quale con quel suo bello, et artificioso modo di spiegarsi, e dichiararsi ha affascinato non pochi huomini da bene." On Malpighi's figures see J.C. Sournia, The illustrated history of medicine (London, 1992) , 271. L. Premuda, Storia dell'iconografia anatomica ( [Saronno], 1993), 269. namely preparing the correct sequences of the mixture between blood and nutritive juice from the thoracic duct in order to produce body parts. In the mechanistic tradition of the Pisa group, respiration was part of the digestive process, and the role of air was limited to helping the mixing of blood and nutritive juice. This rather charming and ingenious explanation was inserted by Malpighi at the end of his second letter on the lungs, and he attributed it to Borelli. Thus the analysis of the usus of respiration in Malpighi's letter was provided by Borelli and reproduced almost verbatim. Malpighi added that the structure of the testicle is similar, thus establishing a similarity between the nutrition process and generation. The structure of the testicle, as explained in Auberius's Textis examinatus, had become the interpretative framework for understanding the lungs' operations." In the following year Borelli's nineteen-year-old student Lorenzo Bellini published De structura et usu renum, which he dedicated to Prince Cosimo III. This is a pioneering work in the process of uncovering with the help of the microscope the micro-structure of the kidneys and providing a mechanical interpretation of their function.
To be more precise, after having argued that the kidneys consist of tiny vessels of suitable size and shape, Bellini stated that he was leaving the explanation of their operations to Borelli, introducing his mentor with the words "Certum, inquit, est," or "It is certain, he states." We witness here a pattern similar to Malpighi's second letter on the lungs, where the anatomist explains the structure and Borelli interprets it. In this case, however, Bellini and Borelli were working together, and this probably allowed the senior scholar an even closer control of the text. According to Borelli, the separation of urine from blood occurs without attraction or sympathy, but only on the basis of the configuration of the renal vessels, which work like a filter."
Bellini's work was reprinted several times, such as in Padua in 1663 (Fig. 3) anatomica, and to the latter De renum usu judicium (Fig. 4) , which starts with the words "Certum est," where "inquit" or "he states" of Bellini's original edition has been omitted. (London, 1618) . Both went through several editions, some of which are attributed to individual authors. Often these texts had a legal status and were used for controlling apothecaries. For the Society of Jesus an internal censorship secured that each work published by a member of the Society complied with the Society's rules. U. Baldini, "Una fonte poco utilizzata per la storia intellettuale: Le 'censurae librorum' e 'opiniunum' nell'antica Compagnia di Gcsu," Annali dell 'Istituto Storico Italo-Germanico. Trento 11 ( 1985 ) , 19-67. The Académie Royal des Sciences refused Samuel Cottereau Duclos permission to publish his work Dissertation sur les principes des mixyes naturels, faite en L'an 1677. Duclos revised it and published it with the Elzeviers in Amsterdam in 1680. A. Stroup, A company of scientists: botany, patronage, and community at the seventeenth-century Parisian Royal Academy of Science, (Berkeley, 1990) (Princeton, 1983) , 28ff.; id., After Vasari: history, art, and patronage in late Medici Florence (Princeton, 1988) . The Accademia della Crusca was also a collective body formed by aristocrats and linguistic experts, but it was obviously not Leopold's creation, since it was established in 1583 while Leopold became a member only in 1641. Leopold's activities as "cruscante" are also of considerable interest. S. Parodi, Quattro ,Sef,Ol2 di Crusca. 1583 -1983 (Florence, 1983 namely Galileo, the secrets of the highest sphere, the earth in emulation was now removing the veil from unknown marvels. Thus Nature, first in the heavens and then on earth, was the protagonist of the investigations carried out under Medicean patronage. This image was strikingly taken up in the English translation of the ,Saggi, where the Accademia del Cimento offers a copy of the Saggi to the Royal Society, while Nature daringly reveals her marvels and, while pointing to the Saggi as if to suggest that her veil had been removed through that book, looks on at a grim-faced Aristotle as if to say "You did not make it" (Figs. 6 and 7) .30
Since the Cimento Academy included many members in a state of flux, a division of authorial responsibilities on the example of the 1661 edition of Apollonius and Archimedes would have been unfeasible.
As we have seen above, lack of individual authorship was common in collective publications by academies and other corporate bodies and can plausibly be explained by conventions about collaborative works.31 Moreover, in the case of the Cimento one may attach an epistemological meaning to the Saggi as well.
For the attribution of the quatrain to Leopold, see Middleton, The experimenters, 77. The quatrain reads: "Se al gran genio real scoperse il cielo / Gli arcani intatti dell'eccelsa sfera / Oggi la terra emulatrice altera / Toglie ad ignote maraviglie il velo." The reference to the highest sphere seems a direct allusion not to the Medicean planets but to Galileo's Copernicanism. For the problematic posthumous celebrations of Galileo see P. Galluzzi, "The sepulchres of Galileo: The 'living' remains of a hero of science," in P. Machamer (ed.) , The Cambridge Companion to Galileo (Cambridge, 1998), 417-47. 31 It is reasonable to argue that Leopold's closeness to his academicians, and more generally the ruler's closeness to his scholars, was a factor in erasing their authorship. Biagioli, "Etiquette," 215, argues that "The authorship of the academicians was erased (or 'insulated' until it was extinguished) because they were too close to the prince." This model is applied also to other cases. As I have argued in my "Shadows and Deceptions: from Borelli's Theoricae to the Saggi of the Cimento," The British.Journal for the History of Science 31 (1998), 383-402, however, the Medici were heavily involved in other publications as well, such as Theoricae Mediceorum Planetarum (Florence, 1666) , to the point of publishing it at their own press (Ex Typographia S[erenissimi] M[agni] D[ucis]), with the name of Giovanni Alfonso Borelli figuring prominently on the title page as the author. This instance suggests that the rulers' closeness to the author(s) may not have been as crucial a factor as the collaborative nature of the publication. Compare also the case of Cassini's publications, above. the outcome of the Saggi of the Cimento Academy, both because of its sanitized nature and lack of a strong philosophical stance, and because their own names were omitted. As a result of its composite nature and internal diatribes, the Saggi resulted in a compromise where experiments were often presented somewhat cryptically without interpretation. Borelli was certainly one of those who would have liked an acknowledgement of his own activities. Unlike the cases with Malpighi and Bellini, he was not in control of the Saggi of the Cimento, where the omission of his name from the title page and book itself was not a part of his academic plans.
In 1667, on his way back to Messina, Borelli stopped in Naples and was elected a member of the Investiganti Academy, a group of intellectuals openly defending neoteric positions. The examples discussed in this essay cover a small portion of the problems related to authorship and collaborative works in the seventeenth century. Even such a focused investigation, however, suggests both that collaboration was more widespread than we have recognized and that authorship criteria varied considerably depending on a wide range of factors. I hope that the publications examined above and the case of Borelli will prove useful in stimulating further reflections on these themes.
SUMMARY
Multiple authorship is so common and pervasive in our world that it is tempting to take it for granted. Prior to the twentieth century, however, multiple authorship was exceedingly rare. This essay addresses the issue of whether in the past 
